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Description
Technical Field

[0001] The present invention relates to a worm reducer to be incorporated into an electric power steering device, for
example, and a method of assembling the same.

Background Art

[0002] As shown in FIG. 14, a steering device for an automobile is configured to transmit rotation of a steering wheel
1 to an input shaft 3 of a steering gear unit 2, and to push and pull a pair of left and right tie rods 4, 4 by rotation of the
input shaft 3, thereby applying a steering angle to front wheels. The steering wheel 1 is supported and fixed to a rear
end portion of a steering shaft 5, and the steering shaft 5 is rotatably supported to a cylindrical steering column 6 with
being axially inserted into the steering column 6. A front end portion of the steering shaft 5 is connected to a rear end
portion of an intermediate shaft 8 via a universal joint 7, and a front end portion of the intermediate shaft 8 is connected
to the input shaft 3 via another universal joint 9.

[0003] In the above-described steering device, there has been known an electric power steering device configured to
reduce a force necessary to operate the steering wheel 1 by using an electric motor 10 as an auxiliary power source.
The electric power steering device is incorporated with a reducer. As such reducer, there has been used a worm reducer
having a large lead angle and reversibility with respect to a transmission direction of power. FIG. 15 shows a structure
disclosed in Patent Document 1 as an example of the conventional structure of the worm reducer incorporated in the
electric power steering device. A worm reducer 21 is provided within a reducer housing 11 fixed to an electric motor 10a
and has a worm 14 having worm teeth 13 formed on an axially intermediate portion of a worm shaft 12 and a worm
wheel 15 configured to mesh with the worm teeth 13. Both axial end portions of the worm 14 are rotatably supported in
aworm accommodation part 17 of the housing 11 by a pair of rolling bearings 16a, 16b such as deep groove ball bearings.
One end portion (a left end portion in FIG. 15) of the worm 14 is connected to an output shaft 18 of the electric motor
10a, so that the worm 14 can be rotated.

[0004] The worm wheel 15 is rotatably provided within a wheel accommodation part 19 of the housing 11, and a center
of rotation axis thereof is arranged at a skew position with respect to the worm 14. The worm wheel 15 is made by fixing
a tooth part 20 of a synthetic resin around a metallic wheel part 29 so as to save the manufacturing cost and the weight.
The tooth part 20 is meshed with the worm teeth 13 without a gap (i.e. backlash is zero), so that a rotational force
between the worm wheel 15 and the worm 14 can be transmitted without causing a time lag resulting from the backlash.
The worm wheel 15 is externally fitted to a portion close to a front end of a steering shaft 5a. Thereby, it is possible to
transmit the rotation driving force generated from the electric motor 10a to the steering shaft 5a via the worm reducer
21 having the worm 14 and the worm wheel 15.

[0005] The worm reducer 21 is assembled as follows, for example. First, an outer ring of the tip-side rolling bearing
16a (right, in FIG. 15) is internally fitted (internally fitted by interference fit) to a bearing holding part 22a provided at an
inner end portion (a right end portion, in FIG. 15) of the worm accommodation part 17 of the housing 11 which is configured
to accommodate therein the worm 14. Then, the worm wheel 15 is rotatably supported within the wheel accommodation
part 19 of the housing 11. Then, the worm 14 is inserted into the worm accommodation part 17 through an opening of
the worm accommodation part 17 at a state where the worm 14 is offset outward (upward, in FIG. 15) in a radial direction
of the worm wheel 15 with respect to a center axis of the worm accommodation part 17 so that the worm teeth 13 do
not interfere with the tooth part 20 of the worm wheel 15. At a stage where the worm 14 is inserted into the worm
accommodation part 17 to some extent, the worm 14 is displaced inward (downward, in FIG. 15) in the radial direction
of the worm wheel 15 to mesh the worm teeth 13 and the tooth part 20 of the worm wheel 15 each other. With the worm
teeth 13 and the tooth part 20 being meshed with each other, the worm wheel 15 is rotated to further insert the worm
14 into the worm accommodation part 17, so that a tip portion of the worm 14 is press-fitted into an inner ring of the tip-
side rolling bearing 16a. Then, the base-side rolling bearing 16b (left, in FIG. 15) is press-fitted between a bearing holding
part 22b provided at an intermediate portion of the worm accommodation part 17 and an outer periphery of an intermediate
portion (the base side portion than the worm teeth 13) of the worm 14 (an outer ring of the base-side rolling bearing 16b
is internally fitted to the bearing holding part 22b by loose fit or interference fit, and an inner ring thereof is externally
fitted to the outer periphery of the intermediate portion of the worm 14 by interference fit). Subsequently, a snap ring 24
is engaged with an engagement groove 23 provided on an inner periphery of the worm accommaodation part 17, so that
axial displacements of the base-side rolling bearing 16b and the worm 14 are restricted. Then, the output shaft 18 of
the electric motor 10a is connected to a base end portion (a left end portion, in FIG. 15) of the worm 14, and the opening
of the worm accommodation part 17 is closed by a motor case 25 having the electric motor 10a accommodated therein.
[0006] According to the above method of assembling the worm reducer, the worm 14 and the pair of rolling bearings
16a, 16b for rotatably supporting the worm 14 are separately mounted in the worm accommaodation part 17 of the housing
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11. Therefore, the assembling cost increases, and the manufacturing cost of the worm reducer 21 increases.

[0007] In Patent Document 2, a worm shaft having each ball bearing attached thereto is inserted into a worm shaft
accommodation part of the housing having a preload applying member attached thereto, and after the insertion, each
ball bearing is applied with preload by an elastic restoring force of an arm part of the preload applying member. In this
case, since the worm shaft is inserted while the outer ring of the base-side ball bearing is brought into contact with the
arm part of the preload applying member, the worm shaft is necessarily required to move in the axial direction. Therefore,
the worm wheel needs to be assembled after the assembling of the worm shaft so as not to interfere with the tip-side
ball bearing at the assembling of the worm shaft.

Background Art Document
Patent Document
[0008]

Patent Document 1: JP-A-2006-142400
Patent Document 2: JP-A-2012-117648

Summary of the Invention
Problem to be Solved

[0009] The present invention has been made in view of the above-described circumstances, and an object of the
presentinvention is to provide a worm reducer and a method of assembling the same capable of saving assembling cost.

Means for Solving the Problem

[0010] In a method of assembling a worm reducer according to an embodiment of the present invention, the worm
reducer includes a housing, a worm wheel and a worm.

[0011] The housing includes a wheel accommodation part, and a worm accommodation part provided in a skew
position with respect to the wheel accommodation part and having a part continued to the wheel accommodation part.
[0012] The worm wheel is rotatably supported in the wheel accommodation part.

[0013] The worm includes worm teeth provided on an axially intermediate portion of a worm shaft and rotatably
supported in the worm accommodation part at two axial positions with the worm teeth being interposed therebetween
by a pair of bearings at a state where the worm teeth are meshed with the worm wheel.

[0014] The method of assembling the worm reducer according to an embodiment of the present invention includes
causing the worm wheel to be rotatably supported in the wheel accommodation part, externally fitting the pair of bearings
at the two axial positions which interpose the worm teeth therebetween, and inserting the worm into the worm accom-
modation part from an opening side of the worm accommodation part at a state where the worm is offset outward in a
radial direction of the worm wheel so that the worm teeth and the worm wheel do not interfere with each other.

[0015] The method further includes causing one of the pair of bearings which is externally fitted to a leading side in
the insertion direction of the worm to pass an outer diameter-side of a part of an outer peripheral edge (tooth tip circle)
of ethworm wheel, which protrudes mostinto the worm accommodation part. Then, the method furtherincludes displacing
the worm inward in the radial direction of the worm wheel such that the worm teeth mesh with the worm wheel, and
further inserting the worm to a predetermined position in the worm accommodation part while the worm teeth and the
worm wheel are meshed with each other, so that the worm is rotatably supported in the worm accommodation part by
the pair of bearings.

[0016] When implementing the assembling method, an outer diameter of the bearing provided at the leading side in
the insertion direction of the worm is made smaller than a distance in the radial direction of the worm between the inner
surface of the worm accommodation part and a part of the outer peripheral edge (tooth tip circle) of the worm wheel,
which protrudes most into the worm accommodation part. In this case, the outer diameter of the bearing externally fitted
to the leading side in the insertion direction of the worm may be made smaller than a tooth tip circle diameter of the
worm teeth. The outer diameter of the bearing externally fitted to the leading side in the insertion direction of the worm
may be made greater than a tooth bottom circle diameter of the worm teeth.

[0017] In the assembling method, each of the pair of bearings may be a rolling bearing which includes a plurality of
rolling elements provided between an outer ring and an inner ring, and a pair of bearing holding parts for holding the
outer rings of the pair of rolling bearings may be provided on the inner periphery of the worm accommodation part at
two positions in a worm axial direction. After the outer ring of one of the pair of rolling bearings starts to internally fit to
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one of the pair of bearing holding parts, the outer ring of the other of the pair of rolling bearings may be internally fit to
the other of the pair of bearing holding parts.

[0018] In the assembling method, no backlash may be provided between the worm teeth and the worm wheel. In this
case, a preload applying mechanism for elastically pressing the worm teeth toward the worm wheel may not be provided.
[0019] The one of the bearing holding parts, which is provided at an inner end portion of the worm accommodation
part, may include an inner periphery having a diameter which is smaller than the inner periphery of the worm accom-
modation part, the worm accommodation part may include a guide portion having a diameter decreasing from the inner
periphery of the worm accommodation part toward the one of the bearing holding parts, and the worm may be displaced
inward in the radial direction of the worm wheel while the one of the bearings which is externally fitted to the leading
side in the insertion direction of the worm contacting the guide portion such that the worm teeth mesh with the worm wheel.
[0020] In a worm reducer according to another embodiment of the present invention, each of the pair of bearings is a
rolling bearing which includes a plurality of rolling elements provided between an outer ring and an inner ring, and the
worm is rotatably supported by the pair of rolling bearings at the pair of bearing holding parts provided on the inner
periphery of the worm accommodation part at two positions in a worm axial direction. One of the bearing holding parts
which is provided at an inner end portion of the worm accommodation part has a bottomed cylindrical shape, and the
outer ring of one of the rolling bearings which has the inner ring externally fitted to a tip portion of the worm is directly
internally fitted (press-fitted) to the one of the bearing holding parts without interposing another member. An outer
diameter of the outer ring of the one of the rolling bearings is made smaller than a distance in the radial direction of the
worm between the inner surface of the worm accommodation part and a part of an outer peripheral edge (tooth tip circle)
of the worm wheel, which protrudes most into the worm accommodation part

[0021] In this case, an outer diameter of the one of the rolling bearings may be made smaller than the tooth tip circle
diameter of the worm teeth.

[0022] The outer diameter of the one of the rolling bearings may be made greater than a tooth bottom circle diameter
of the worm teeth.

[0023] Aninner periphery upper portion of the worm accommodation part may be formed with a relief concave portion
recessed radially outward, the relief concave portion may have an arc shape having a first radius, and the first radius
may be equal to or greater than a second radius which is an external radius of the worm.

[0024] The one of the bearing holding parts, which is provided at the inner end portion of the worm accommodation
part, includes an inner periphery having a diameter which is smaller than the inner periphery of the worm accommodation
part, and the worm accommodation part may have a guide portion having a diameter decreasing from the inner periphery
of the worm accommodation part toward the one of the bearing holding parts.

[0025] When aninner diameter of the other of the bearing holding parts at an opening side of the worm accommodation
part is denoted as dj,4, an outer diameter of the outer ring of the one of the rolling bearings at the leading side in the
insertion direction of the worm is denoted as D4, an outer diameter of the worm wheel is denoted as D5, and a distance
between a center axis of the worm wheel and a center axis of the worm accommodation part is denoted as L, a following
Equation (1) is satisfied.

[Equation 1]

d,, D
TMLW[—;HJW}QQ e e (1)

Effects of the Invention

[0026] According to the assembling method of assembling the worm reducer, since it is possible to integrally mount
the worm and the pair of bearings for rotatably supporting the worm within the worm accommodation part of the housing,
it is possible to suppress the assembling cost and to save the manufacturing cost of the worm reducer.

[0027] The worm is inserted into the worm accommodation part at the state where the worm is offset outward in the
radial direction of the worm wheel such that the worm teeth and the worm wheel do not interfere with each other, the
one of the bearings provided at the leading side in the insertion direction of the worm is caused to pass the outer diameter-
side of the part of the worm wheel which protrudes most into the worm accommodation part, and then the worm teeth
and the worm wheel are meshed with each other. Accordingly, when mounting the worm into the worm accommodation
part, it is possible to suppress an axial displacement amount of the worm at the state where the worm teeth and the
worm wheel are meshed with each other, as compared to a configuration where the worm teeth and the worm wheel
are meshed with each other from start of the mounting operation without offsetting the worm (there is no space for
offsetting the worm). As a result, even when a backlash is not provided between the worm teeth and the worm wheel,
for example, the worm teeth and the worm wheel are less likely to be damaged such as scratches.

[0028] Atafinal stage of the mounting operation of mounting the worm into the worm accommodation part, itis possible



10

15

20

25

30

35

40

45

50

55

EP 3 184 855 A1

to mount the worm into the worm accommodation part with being positioned in the radial direction.
[0029] Since the worm reducer is assembled in accordance with the assembling method as described above, it is
possible to save the manufacturing cost.

Brief Description of Drawings
[0030]

FIG. 1 is a sectional view showing a state before a worm is mounted to a housing according to a first embodiment
of the present invention.

FIG. 2 is a sectional view showing a state where the worm is inserted in a worm accommodation part of the housing
and a rolling bearing externally fitted at a tip portion of the worm is positioned at an outer diameter-side of an
uppermost portion of a worm wheel according to the first embodiment of the present invention.

FIG. 3 is a sectional view taken along a line X-X of FIG. 2.

FIG. 4 is a sectional view showing a state where the worm is displaced inward in a radial direction of the worm wheel
such that worm teeth and the worm wheel are meshed with each other according to the first embodiment of the
present invention.

FIG. 5 is a sectional view showing a state where the worm is further inserted into the worm accommodation part of
the housing according to the first embodiment of the present invention.

FIG. 6 is a sectional view showing a state where the worm is mounted to the worm accommodation part of the
housing according to the first embodiment of the present invention.

FIG. 7 is a view similar to FIG. 2, showing a second embodiment of the present invention.

FIG. 8 is a view showing a state where the worm is further inserted into the worm accommodation part from the
state of FIG. 7 and a side surface of a rolling bearing provided at the trailing side in the insertion direction of the
worm is in contact with an end face of the worm accommodation part according to the second embodiment of the
present invention.

FIG. 9 is a view showing a state where the worm is displaced inward in the radial direction of the worm wheel from
the state of FIG. 8 according to the second embodiment of the present invention.

FIG. 10 is a view showing a state where the worm is further inserted into the worm accommodation part from the
state of FIG. 9 according to the second embodiment of the present invention.

FIG. 11 is a view showing a preload mechanism configured to press the worm toward the worm wheel with the worm
being mounted to the worm accommodation part of the housing.

FIG. 12 is a sectional view showing a state where the worm having worm teeth which are not provided up to an end
portion is displaced inward in the radial direction of the worm wheel and the worm teeth and the worm wheel are
meshed with each other.

FIG. 13 is a sectional view showing a modified embodiment of the present invention where the housing is provided
with a guide portion.

FIG. 14 is a partially cut side view showing an example of a conventional steering device for an automobile.

FIG. 15 is a sectional view showing a part of a power steering device to which a worm reducer incorporated.

Detailed Description of Embodiments
[First Embodiment]

[0031] FIGS. 1 to 6 show a first embodiment of the present invention. In the first embodiment, a worm and a pair of
bearings for rotatably supporting the worm are integrally mounted in a worm accommaodation part of a housing, so that
the manufacturing cost can be saved. In a method of assembling a worm reducer of the first embodiment, a worm reducer
21a has basically the same configuration as the worm reducer 21 shown in FIG. 15, except for size relations of parts of
the respective members configuring the worm reducer 21a.

[0032] That is, the worm reducer 21a of the first embodiment is provided within a reducer housing 11a fixed to an
electric motor 10a and has a worm 14a having worm teeth 13 formed on an axially intermediate portion of a worm shaft
12, and a worm wheel 15 configured to mesh with the worm teeth 13. The housing 11a has a wheel accommodation
part 19 configured to accommodate therein the worm wheel 15 and a worm accommodation part 17a having a part
continued (opened) to the wheel accommodation part 19. A center axis of the wheel accommodation part 19 and a
center axis of the worm accommodation part 17a are provided in skew positions with each other. The worm 14a is
rotatably supported within the worm accommodation part 17a of the housing 11a at a tip portion (a right end portion, in
FIGS. 1, 2 and 4 to 6) and a base side portion (a portion close to a left end, in FIGS. 1, 2 and 4 to 6) by a pair of rolling
bearings 16c¢, 16d such as deep groove ball bearings. That is, an inner ring configuring the rolling bearing 16¢ of the
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pair of rolling bearings 16¢, 16d, which is positioned at a tip side (a leading side in an insertion direction of the worm
14a into the worm accommodation part 17a when assembling the worm reducer 21a; a right side in FIGS. 1, 2 and 4 to
6), is externally fitted and fixed (externally fitted by interference fit) to the tip portion of the worm 14a, and an outer ring
configuring the tip-side rolling bearing 16c¢ is internally fitted to an inner bearing holding part 22a provided at an inner
end portion (a right end portion, in FIGS. 1, 2 and 4 to 6) of the worm accommodation part 17a by loose fit. Incidentally,
the outer ring configuring the tip-side rolling bearing 16c may be internally fitted to the inner bearing holding part 22a by
interference fit. Also, an inner ring configuring the rolling bearing 16d of the pair of rolling bearings 16¢, 16d, which is
provided at a base side (a trailing side in the insertion direction of the worm 14a into the worm accommodation part 17a
when assembling the worm reducer 21a; a left side in FIGS. 1, 2 and 4 to 6), is externally fitted and fixed to the base
side portion of the worm 14a, and an outer ring configuring the base-side rolling bearing 16d is internally fitted to an
opening side bearing holding part 22d provided at an opening of the worm accommodation part 17a by loose fit. By a
snap ring or the like engaged to a portion axially adjacent to the portion of the opening side bearing holding part 22d to
which the base-side rolling bearing is internally fitted, the outer ring configuring the base-side rolling bearing 16d is
prevented from being separated from the opening side bearing holding part 22d. Incidentally, the outer ring configuring
the base-side rolling bearing 16d may be internally fitted to the opening side bearing holding part 22d by interference
fit. An upper portion (a portion positioned at an opposite side to the worm wheel 15 in the radial direction of the worm
accommodation part 17a) of an inner periphery of the worm accommodation part 17a is provided (formed) with a relief
concave portion 28 recessed radially outward (upward, in FIGS. 1 to 6). The base end portion of the worm 14a is
connected to an output shaft 18 of the electric motor 10a (refer to FIG. 15), so that the worm 14a can be rotated.
[0033] The worm wheel 15 is rotatably provided within the wheel accommodation part 19 of the housing 11a, and a
center of rotation axis thereof is arranged at a skew position with respect to the worm 14a. The worm wheel 15 is made
by fixing a tooth part 20 of a synthetic resin around a metallic wheel part 29. The tooth part 20 is meshed with the worm
teeth 13 without a gap (i.e. a backlash is zero). Therefore, in the first embodiment, a preload applying mechanism for
elastically pressing the worm teeth 13 toward the tooth part 20 is not provided. The worm wheel 15 is externally fitted
and fixed to a front end side portion of the steering shaft 5a. Thereby, a rotation driving force generated from the electric
motor 10a can be transmitted to the steering shaft 5a via the worm reducer 21a having the worm 14a and the worm
wheel 15.

[0034] The worm reducer 21a is assembled as follows, for example. First, as shown in FIG. 1, the worm wheel 15 is
rotatably supported to a predetermined position in the wheel accommodation part 19 of the housing 11a. The inner rings
configuring the rolling bearings 16c, 16d are externally fitted and fixed (externally fitted by interference fit) to the tip
portion and the base side portion of the worm 14a. Then, as shown in FIGS. 2 to 4, the worm 14a is inserted into the
worm accommodation part 17a through the opening of the worm accommodation part 17a (the worm is axially displaced
toward an inner end of the worm accommaodation part 17a) at a state where the worm is offset outward (upward, in FIGS.
1 to 6) in the radial direction of the worm wheel 15 with respect to the center axis of the worm accommodation part 17a
so that the worm teeth 13 do not interfere with the tooth part 20 of the worm wheel 15. Then, the tip-side rolling bearing
16c¢ (provided at the leading side in the insertion direction of the worm 14a) supported and fixed to the tip portion of the
worm 14a is caused to pass without interfering with the worm wheel 15 an outer diameter-side (upper side) of a part
(uppermost portion) of an outer peripheral edge (tooth tip circle) of the worm wheel 15, which protrudes most into the
worm accommodation part 173, i.e., an outer diameter-side (upper side) of a center of the worm wheel 15 in the axial
direction of the worm 14a.

[0035] To this end, according to the first embodiment, sizes of the respective members configuring the worm reducer
21 are defined as follows, as shown in FIG. 1. That is, an inner diameter of the opening side bearing holding part 22d
is denoted as dy,y, an outer diameter of (the outer ring configuring) the tip-side rolling bearing 16¢ is denoted as D,
an outer diameter of the worm wheel 15 (a diameter of the tooth tip circle of the tooth part 20) is denoted as D45, a
diameter of the tooth tip circle of the worm teeth 13 is denoted as Dy, and a distance between the center axis of the
worm wheel 15 and the center axis (which coincides with the center axis of the worm 14a after the assembling has
completed) of the worm accommodation part 17a is denoted as L. The sizes of the respective members are defined
such that the following Equation (1) is satisfied.

[Equation 1]

d, D
HEA L[ A D, |20 cee (1)
[0036] Accordingly, when the worm 14a is inserted into the worm accommodation part 17a through the opening of the
worm accommodation part 17a at the state where the worm is offset with respect to the center axis of the worm accom-
modation part 17a, the tip-side rolling bearing 16¢ and the inner periphery of the opening side bearing holding part 22d
are prevented from interfering with each other.
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[0037] In the first embodiment, the inner periphery upper portion of the worm accommodation part 17a is formed with
the relief concave portion 28 recessed radially outward. Thus, even when the worm 14a is inserted into the worm
accommodation part 17a at the state where the worm is offset outward in the radial direction of the worm wheel 15 with
respect to the center axis of the worm accommodation part 17a, the worm teeth 13 does not interfere with the inner
periphery of the worm accommodation part 17a.

[0038] In the first embodiment, the outer diameter D¢, of (the outer ring configuring) the tip-side rolling bearing 16¢
is made smaller than a distance G in the radial direction of the worm 14a between the uppermost portion of the outer
peripheral edge of the worm wheel 15 and the inner periphery of the worm accommodation part 17a (the bottom of the
relief concave portion 28) (D46.<G). Accordingly, when the worm 14a is inserted into the worm accommodation part 17a
through the opening of the worm accommodation part 17a at the state where the worm is offset with respect to the center
axis of the worm accommodation part 17a, the tip-side rolling bearing 16¢ and the inner periphery of the worm accom-
modation part 17a and worm wheel 15 are prevented from interfering with each other. In the first embodiment, the relief
concave portion 28 has an arc shape having a radius R, as seen from an axial section. The radius R4 and a radius R,
of the worm 14a (the worm teeth 13) have a relation of R4>R,.

[0039] By the above relation, it is possible to axially displace the worm 14a while appropriately escaping the worm
14a to the relief concave portion 28 so as not to interfere with the worm accommodation part 17a.

[0040] Meanwhile, in the first embodiment, the outer diameter D4, of the tip-side rolling bearing 16¢ is made greater
than a tooth bottom circle diameter D; of the worm teeth 13 (D4¢.>D;). Therefore, strength and stiffness of the tip portion
of the worm 14a are secured, and a radial load capacity of the tip-side rolling bearing 16¢ is secured. Incidentally, the
outer diameter of the tip-side rolling bearing 16c may be made smaller than the tooth bottom circle diameter of the worm
teeth as long as the strength and stiffness of the tip portion of the worm and the radial load capacity of the tip-side rolling
bearing supported and fixed to the tip portion of the worm can be sufficiently secured. On the other hand, an outer
diameter D444 of (the outer ring configuring) the base-side rolling bearing 16d supported and fixed to the base side
portion of the worm 14a is made greater than the tooth tip circle diameter D, of the worm teeth 13 (D454>D).

[0041] Therefore, the bearing holding part 22c provided at the inner end portion of the worm accommodation part
includes an inner periphery having a diameter which is smaller than the inner periphery of the worm accommodation
part 17a. The bearing holding part 22c¢ is formed close to the wheel accommodation part 19 than the inner periphery of
the worm accommodation part 17a. Also, the bearing holding part 22d provided at the opening side of the worm accom-
modation part 17a includes an inner periphery having a diameter which is greater than the inner periphery of the worm
accommodation part 17a, and is formed concentric with the bearing holding part 22c.

[0042] The tip-side rolling bearing 16¢ is caused to pass through the uppermost portion of the outer peripheral edge
of the worm wheel 15 and the worm 14a is further inserted into the worm accommodation part 17a, so that a tip face (a
right end face, in FIGS. 1, 2 and 4 to 6) of the tip-side rolling bearing 16¢ is contacted to a stepped portion 26 continued
to the bearing holding part 22c provided at the inner end portion of the worm accommodation part 17a and the inner
periphery of the intermediate portion of the worm accommodation part 17a. At this state, the worm 14a is displaced
inward (downward, in FIGS. 1 to 6) in the radial direction of the worm wheel 15 so that the center axis of the worm 14a
and the center axis of the worm accommodation part 17a are concentric with each other, thereby meshing the worm
teeth 13 and the tooth part 20 of the worm wheel 15 each other, as shown in FIG. 4. Specifically, when the tip face of
the tip-side rolling bearing 16¢ is contacted to the stepped portion 26 continued to the inner periphery of the intermediate
portion of the worm accommodation part 17a (when the worm 14a is displaced inward in the radial direction of the worm
wheel 15), the worm teeth 13 are meshed with the tooth part 20 provided at the center of the worm wheel 15. At this
state, the outer ring of the tip-side rolling bearing 16¢ and the bearing holding part 22c are arranged concentric with
each other. In the first embodiment, the bearing holding part 22¢ has a bottomed cylindrical shape having a closed inner
end side (a right side, in FIGS. 1, 2 and 4 to 6).

[0043] In the meantime, the bearing holding part 22c¢ is not limited to the always-closed bottomed cylindrical shape.
For example, the bearing holding part may have a bottomed cylindrical shape where a bottom 22¢1 is configured by a
separate member such as a cover, and the bottom 22¢c1 may be opened upon maintenance, for example.

[0044] From the above state, the worm wheel 15 is rotated to further insert the worm 14a into the worm accommodation
part 17a, so that the outer ring of the tip-side rolling bearing 16c¢ is directly press-fitted (internally fitted by interference
fit) into the bearing holding part 22c or is internally fitted thereto by loose fit and the outer ring of the base-side rolling
bearing 16d is directly press-fitted (internally fitted by interference fit) into the bearing holding part 22d provided at the
opening of the worm accommodation part 17a or is internally fitted thereto by loose fit, as shown in FIGS. 5 and 6. In
the first embodiment, the inner peripheries of the bearing holding parts 22¢, 22d are slightly inclined in a direction along
which the inner diameters decrease right up to the fitting positions of the outer rings, from the opening side (the left side
in FIGS. 1, 2 and 4 to 6) toward the inner end side (the right side in FIGS. 1, 2 and 4 to 6) (toward the leading side in
the insertion direction of the worm 14a). Therefore, the worm 14a is positioned in the radial direction as the outer rings
of the pair of rolling bearings 16¢, 16d are respectively press-fitted into the pair of bearing holding parts 22¢, 22d, and
the meshed state between the worm teeth 13 and the tooth part 20 becomes appropriate (there is no backlash at the
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meshed portion). In the first embodiment, as the worm 14a is inserted into the worm accommodation part 17a, the outer
ring of the tip-side rolling bearing 16¢c supported and fixed to the tip portion of the worm 14a is press-fitted (internally
fitted) into the bearing holding part 22c provided at the inner end portion of the worm accommodation part 17a. The
sizes of the respective parts are regulated so that at a stage where the outer ring of the tip-side rolling bearing 16¢ is
press-fitted into the bearing holding part 22¢ to some extent (by about a half), the outer ring of the base-side rolling
bearing 16d supported and fixed to the base side portion of the worm 14a is press-fitted into the bearing holding part
22d provided at the opening of the worm accommaodation part 17a. That is, in the first embodiment, the tip-side rolling
bearing 16¢ corresponds to one of the rolling bearings, and the base-side rolling bearing 16d corresponds to the other
of the rolling bearings in Claims.

[0045] The worm 14a is positioned in the axial direction by bringing the tip face of the base-side rolling bearing 16d
into contact with a stepped portion 27 continued to the bearing holding part 22d and the intermediate portion of the worm
accommodation part 17a. Then, a portion (a portion adjacent to an opposite side to the stepped portion 27) axially
adjacent to the portion (the bearing holding part 22d) of the opening of the worm accommodation part 17a, to which the
base-side rolling bearing 16d is internally fitted, is engaged with a snap ring, so that the axial displacements of the base-
side rolling bearing 16d and the worm 14a are restricted. Meanwhile, in addition to the snap ring or instead of the snap
ring, the outer ring of the base-side rolling bearing 16d may be urged toward the tip-side of the worm 14a by a screw
(nut) or a member such as a plate-shaped member (a plate spring) fixed by a screw, for example. Then, a spline shaft
portion 30 provided at the base end portion of the worm 14a is spline-engaged with the output shaft 18 of the electric
motor 10a, and the opening of the worm accommodation part 17a is closed by a motor case 25 having the electric motor
10a accommodated therein.

[0046] Accordingtothe assembling method of the worm reducer of the first embodiment, since itis possible to integrally
mount the worm 14a and the pair of rolling bearings 16¢, 16d for rotatably supporting the worm 14a in the worm accom-
modation part 17a of the housing 11a, it is possible to suppress the assembling cost and to save the manufacturing cost
of the worm reducer 21a.

[0047] Further, in the first embodiment, the worm 14a is inserted into the worm accommodation part 17a at the state
where the worm is offset outward in the radial direction of the worm wheel 15 with respect to the center axis of the worm
accommodation part 17a, the tip-side rolling bearing 16c¢ externally fitted to the tip portion of the worm 14a is caused to
pass through the outer diameter-side of the most protruding portion of the worm wheel 15 into the worm accommodation
part 17a without interfering with each other, and then the worm teeth 13 and the tooth part 20 of the worm wheel 15 are
meshed with each other. Therefore, when mounting the worm 14a into the worm accommaodation part 17a, it is possible
to suppress the axial displacement amount of the worm 14a at the state where the worm teeth 13 and the tooth part 20
are meshed with each other, as compared to a configuration where the worm teeth and the tooth part of the worm wheel
are meshed with each other from start of the mounting operation without offsetting the worm (there is no space for
offsetting the worm). Therefore, even when the backlash is not provided between the worm teeth 13 and the tooth part
20, in the worm reducer 21a of the first embodiment, the worm teeth 13 and the tooth part 20 are less likely to be damaged
such as scratches upon the assembling of the worm reducer 21a. In particular, in the worm reducer 21a, the tooth part
20 of the worm wheel 15 is made of the synthetic resin. Therefore, it is possible to achieve the damage preventing effect
upon the assembling.

[0048] Further, in the first embodiment, at the final stage of the mounting operation of mounting the worm 14a into the
worm accommodation part 17a, the outer ring of the tip-side rolling bearing 16¢ supported and fixed to the tip portion of
the worm 14a s press-fitted into the bearing holding part 22¢ provided at the inner end portion of the worm accommodation
part 17a, and after the corresponding press-fitting is made to some extent, the outer ring of the other rolling bearing 16d
supported and fixed to the base side portion of the worm 14a is press-fitted into the bearing holding part 22d provided
at the opening of the worm accommodation part 17a. That is, since the operation of press-fitting the outer ring of the
base-side rolling bearing 16d into the bearing holding part 22d can be performed at the state where the positioning is
made to some extent in the radial direction, it is possible to easily carry out the press-fitting operation even in a structure
where the backlash is not provided between the worm teeth 13 and the tooth part 20.

[Second Embodiment]

[0049] FIGS. 7 to 10 show a second embodiment of the present invention. In the first embodiment, a length between
the pair of rolling bearings 16¢, 16d fixed to the worm 14a is longer than a length from the stepped portion 26 of a worm
accommodation part 17b to the opening end of the other bearing holding part 22d. However, in the second embodiment,
the length between the pair of rolling bearings 16¢, 16d fixed to the worm 14a is shorter than the length from the stepped
portion 26 of the worm accommodation part 17b to the opening end of the other bearing holding part 22d.

[0050] According to the assembling method of the worm reducer of the second embodiment, similarly to the first
embodiment, the worm 14b is inserted into the worm accommodation part 17b through the opening of the worm accom-
modation part 17b at the state where the worm is offset outward in the radial direction of the worm wheel 15 with respect
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to the center axis of the worm accommodation part 17b. Then, the tip-side rolling bearing 16¢ externally fitted to the tip
portion (the right end portion, in FIGS. 7 to 10) of the worm 14b is caused to pass through the uppermost portion of the
outer peripheral edge of the worm wheel 15, the worm 14b is further inserted into the worm accommodation part 17b,
and as shown in FIG. 8, a tip side surface (a side surface of the leading side in the insertion direction of the worm 14b;
a right side surface in FIGS. 7 to 10) of the base-side rolling bearing 16d externally fitted to the base side portion of the
worm 14b is contacted to an opening side end face (a left end face in FIGS. 7 to 10) of the worm accommodation part
17b. At this state, the worm 14b is displaced inward in the radial direction of the worm wheel 15 so that the center axis
of the worm 14b is concentric with the center axis of the worm accommodation part 17b, thereby meshing the worm
teeth 13 provided on the axially intermediate portion of the worm 14b and the tooth part 20 of the worm wheel 15 each
other, as shownin FIG. 9. Then, the worm wheel 15 is rotated to further insert the worm 14b into the worm accommodation
part 17b. Thereby, the outer ring of the base-side rolling bearing 16d is internally fitted to the bearing holding part 22d
provided at the opening of the worm accommodation part 17b. However, while rotating the worm 14b with the rotation
of the worm wheel 15 being restrained, the worm 14b may be inserted into the worm accommodation part 17b. In any
configuration, at a stage where the outer ring of the base-side rolling bearing 16d is internally fitted to the bearing holding
part 22d to some extent (by about a half), the outer ring of one rolling bearing 16¢ supported and fixed to the tip portion
of the worm 14a is internally fitted to the bearing holding part 22c provided at the inner end portion of the worm accom-
modation part 17a. That is, in the second embodiment, the base-side rolling bearing 16d corresponds to one of the
rolling bearings, and the tip-side rolling bearing 16¢ corresponds to the other of the rolling bearings in Claims.

[0051] The configurations and operations of the other parts are the same as the first embodiment.

[0052] In the meantime, the present invention is not limited to the above embodiments and can be appropriately
changed and improved.

[0053] For example, a preload mechanism shown in FIG. 11 may be further provided so as to press the worm toward
the worm wheel at the state where the worm is mounted to the worm accommodation part by the assembling method
of the worm reducer in accordance with the embodiments of the presentinvention. In FIG. 11, the housing 11a is formed
with a plate spring accommodation part 42 above the outer peripheral portion of the rolling bearing 16c. A part of the
housing 11a, which corresponds to the lower half part of the outer peripheral portion of the rolling bearing 16c¢, is provided
with planar surface parts 43 parallel with each other and configured to slidably guide an outer diameter portion in a
horizontal direction of the rolling bearing 16c. In the plate spring accommodation part 42, a plate spring 41 having a
waveform shape is accommodated. By the plate spring 41, an urging force for moving downward the rolling bearing 16¢
in FIG. 11 is generated. By the urging force, the worm 14a of which one shaft end is inserted into the inner ring of the
rolling bearing 16c¢ is urged toward the worm wheel 15.

[0054] In the above-described embodiments, the worm teeth 13 are formed up to the end portion. However, as shown
in FIG. 12, even though the worm teeth 13a are not formed up to the end portion, when displacing the worm 14a inward
in the radial direction of the worm wheel 15, the worm teeth 13a is meshed with the tooth part 20 positioned at the center
of the worm wheel 15.

[0055] Further, as shown in FIG. 13, instead of the stepped portion 26, a guide portion 31 configured to guide the
rolling bearing 16¢ so that the rolling bearing 16¢ and the bearing holding part 22c are arranged concentric with each
other may be provided. In this case, the worm 14a is displaced inward in the radial direction while the rolling bearing
16¢ contacting the guide portion 31, so that the rolling bearing 16¢ and the bearing holding part 22c are arranged
concentric with each other. That is, the guide portion 31 can concentrically arrange the rolling bearing 16¢c and the
bearing holding part 22c by displacing the worm 14a inward in the radial direction based on the force of axially displacing
the worm 14a. In this embodiment, the guide portion 31 has a conical surface facing toward the bearing holding part
22c. However, the shape of the guide portion is not limited thereto as long as a diameter decreases from the inner
periphery of the worm accommodation part 17a toward the bearing holding part 22c.

[0056] Inthe above-described embodiments, the outer diameter D¢, of the tip-side rolling bearing 16¢ is made smaller
than the tooth tip circle diameter D, of the worm teeth 13 (D44,<Dy) but may be made greater than the tooth tip circle
diameter D, of the worm teeth 13 (D445.>D,). In this case, the radius R of the relief concave portion 28 may be Ry>D4¢./2.
[0057] The present application is based on a Japanese Patent Application No. 2014-207998 filed on October 9, 2014,
a Japanese Patent Application No. 2015-035315 filed on February 25, 2015, an International Patent Application No.
PCT/JP2015/062585 filed on April 24, 2015, and a Japanese Patent Application No. 2015-171648 filed on September
1, 2015, which are herein incorporated by reference.

Description of Reference Numerals

[0058]
1: steering wheel
2: steering gear unit
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3: input shaft

4: tie rod

5, 5a steering shaft

6: steering column

7: universal joint

8: intermediate shaft

9: universal joint

10, 10a: electric motor

1, 11a: housing

12: worm shaft

13, 13a: worm teeth

14, 14a, 14b:  worm

15: worm wheel

16a to 16¢c: rolling bearing
17,17a, 17b:  worm accommodation part
18: output shaft

19: wheel accommodation part
20: tooth part

21, 21a: worm reducer

22a to 22d: bearing holding part
23: engagement groove
24: snap ring

25: motor case

26: stepped portion

27: stepped portion

28: relief concave portion
29: wheel part

30: spline shaft portion
31: guide portion

41: plate spring

42: plate spring accommodation part
43: planar surface part
Claims

1. A method of assembling a worm reducer which includes:

a housing including a wheel accommodation part, and a worm accommodation part provided in a skew position
with respect to the wheel accommodation part and having a part continued to the wheel accommodation part;
a worm wheel rotatably supported in the wheel accommodation part; and

aworm including worm teeth provided on an axially intermediate portion of a worm shaft and rotatably supported
in the worm accommodation part at two axial positions which interpose the worm teeth therebetween by a pair
of bearings at a state where the worm teeth are meshed with the worm wheel,

the method comprising:

causing the worm wheel to be rotatably supported in the wheel accommodation part;

externally fitting the pair of bearings at the two axial positions which interpose the worm teeth therebetween;
inserting the worm into the worm accommodation part from an opening side of the worm accommodation part
at a state where the worm is offset outward in a radial direction of the worm wheel such that the worm teeth
and the worm wheel do not interfere with each other;

causing one of the pair of bearings which is externally fitted to a leading side in an insertion direction of the
worm to pass an outer diameter-side of a part of an outer peripheral edge of the worm wheel, which protrudes
most into the worm accommaodation part;

displacing the worm inward in the radial direction of the worm wheel such that the worm teeth mesh with the
worm wheel;

further inserting the worm to a predetermined position in the worm accommodation part while the worm teeth

10
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and the worm wheel are meshed with each other, so that the worm is rotatably supported in the worm accom-
modation part by the pair of bearings.

The method of assembling a worm reducer according to claim 1,

wherein each of the pair of bearings is a rolling bearing which includes a plurality of rolling elements provided
between an outer ring and an inner ring, and a pair of bearing holding parts for holding the outer rings of the pair of
rolling bearings are provided on an inner periphery of the worm accommodation part at two positions in a worm axial
direction, and

wherein after the outer ring of one of the pair of rolling bearings starts to internally fit to one of the pair of bearing
holding parts, the outer ring of the other of the pair of rolling bearings is internally fit to the other of the pair of bearing
holding parts.

The method of assembling a worm reducer according to claim 1 or 2,
wherein no backlash is provided between the worm teeth and the worm wheel.

The method of assembling a worm reducer according to claim 2 or 3,

wherein the one of the bearing holding parts, which is provided at an inner end portion of the worm accommodation
part, includes an inner periphery having a diameter which is smaller than the inner periphery of the worm accom-
modation part,

wherein the worm accommodation partincludes a guide portion having a diameter decreasing fromthe inner periphery
of the worm accommodation part toward the one of the bearing holding parts, and

wherein the worm is displaced inward in the radial direction of the worm wheel while the one of the bearings which
is externally fitted to the leading side in the insertion direction of the worm contacting the guide portion such that
the worm teeth mesh with the worm wheel.

A worm reducer comprising:

a housing including a wheel accommodation part, and a worm accommodation part provided in a skew position
with respect to the wheel accommodation part and having a part continued to the wheel accommodation part;
a worm wheel rotatably supported in the wheel accommodation part; and

aworm including worm teeth provided on an axially intermediate portion of a worm shaft and rotatably supported
in the worm accommodation part at two axial positions which interpose the worm teeth therebetween by a pair
of bearings at a state where the worm teeth are meshed with the worm wheel,

wherein each of the pair of bearings is a rolling bearing which includes a plurality of rolling elements provided
between an outer ring and an inner ring,

wherein the worm is rotatably supported by the pair of rolling bearings at a pair of bearing holding parts provided
on an inner periphery of the worm accommodation part at two positions in a worm axial direction,

wherein one of the bearing holding parts which is provided at an inner end portion of the worm accommodation
part has a bottomed cylindrical shape,

wherein the outer ring of one of the rolling bearings which has the inner ring externally fitted to a tip portion of
the worm is directly internally fitted to the one of the bearing holding parts, and

wherein an outer diameter of the outer ring of the one of the rolling bearings is smaller than a distance in a
radial direction of the worm between the inner surface of the worm accommodation part and a part of an outer
peripheral edge of the worm wheel, which protrudes most into the worm accommodation part.

The worm reducer according to claim 5,
wherein the outer diameter of the one of the pair of bearings which is externally fitted to a leading side in an insertion
direction of the worm is smaller than a tooth tip circle diameter of the worm teeth.

The worm reducer according to claim 5 or 6,
wherein the outer diameter of the one of the pair of bearings which is externally fitted to a leading side in an insertion
direction of the worm is greater than a tooth bottom circle diameter of the worm teeth.

The worm reducer according to any one of claims 5 to 7,

wherein an inner periphery upper portion of the worm accommodation part is formed with a relief concave portion
recessed radially outward, and

wherein the relief concave portion has an arc shape with a first radius, and the first radius is equal to or greater than
a second radius which is an external radius of the worm.

1"
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The worm reducer according to any one of claims 5 to 8,

wherein the one of the bearing holding parts, which is provided at the inner end portion of the worm accommodation
part, includes an inner periphery having a diameter which is smaller than the inner periphery of the worm accom-
modation part, and

wherein the worm accommodation partincludes a guide portion having a diameter decreasing fromthe inner periphery
of the worm accommodation part toward the one of the bearing holding parts.

The worm reducer according to any one of claims 5 to 9,

wherein when an inner diameter of the other of the bearing holding parts at an opening side of the worm accom-
modation part is denoted as do,4, an outer diameter of the outer ring of the one of the rolling bearings at a leading
side in an insertion direction of the worm is denoted as D¢, an outer diameter of the worm wheel is denoted as
D,5, and a distance between a center axis of the worm wheel and a center axis of the worm accommodation part
is denoted as L, the following Equation (1) is satisfied.

[Equation 1]

d:"—”»hl,w k&h{)

2 2 ML§0 oo (1)

12



EP 3 184 855 A1

61~

eLl

D~
M\
/%% A A N
| | J il
%¢¢ 9¢ el 8¢ PZ¢

wuwﬁ

%91

291

PoLQ

P91

}Old

13



EP 3 184 855 A1

6l

(T33HM Wdom) X
gl Aln
_
_

/ 0
N .
A i
SNN&:/
. A
/Z/,,r P T et et ANOZ
NI NI NN NN SR \
\ ¥ V | ¢l \
|
o BLT pZz | Pal
/ 8% (L¥vd - (ONIIV3IE ONITION)
el 62 NOILYAOWWOJJY X
(ONISNOH) WHOM)

0901
(ONIMY3E ONITI0Y)

¢ Old

14



FIG.3




EP 3 184 855 A1

291
0z 6¢

61—~

ey 9z eLl

7 Old

16



EP 3 184 855 A1

m—J///

gLl

291

0¢

6¢ Sl £l T8

BLL 8¢ pee pgL

G old

17



EP 3 184 855 A1

FIG.6
1a
1Lt Jrl/
NS S YN R AN
= \\
—] o — e \J
—h /
[ // .\‘\‘\ \
30 .
14a 20
T 29 15
16d ?
19

18



EP 3 184 855 A1

m—)

el

L

/ e =
N
Ol AN VAN N N [ B P
] | i x
T4 °91
| o T 072 Pal

ADE|

19



EP 3 184 855 A1

89ld4

20



EP 3 184 855 A1

m-\/

el

6 9l4

21



EP 3 184 855 A1

NN P E—— |
/
A —]
N J//\ ~ NN // o
i qy el Pee Pal

9¢ 8¢

Ell

019l

22






EP 3 184 855 A1

091

SN N

NN

egl
¢k old

24



EP 3 184 855 A1

0¢

Gl
0c / mﬂ 41

6l —__|
N
N
/
AN

EL°Old

25



EP 3 184 855 A1

) 5
\@... ¢
e N
‘*\

R b1 O

26



EP 3 184 855 A1

e
: 61

Q91

0¢
ve

ey
;
X7 §

e¢e

g
o ]
-
TE

GLold

27



10

15

20

25

30

35

40

45

50

55

EP 3 184 855 A1

INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2015/078681

A.  CLASSIFICATION OF SUBJECT MATTER
F16H1/16(2006.01)1, B62D5/04(2006.01)1,

F16H57/023(2012.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

F16H1/16, B62D5/04, F16H57/023

Minimum documentation searched (classification system followed by classification symbols)

1922-1996
1971-2015

Jitsuyo Shinan Koho
Kokai Jitsuyo Shinan Koho

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Toroku Koho
Toroku Jitsuyo Shinan Koho

1996-2015
1994-2015

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y JP 2005-313659 A (Koyo Seiko Co., Ltd.), 1,3,5-8,10
A 10 November 2005 (10.11.2005), 2,4,9

paragraph [0024]; fig. 3 to 5
(Family: none)
Y JP 2008-223828 A (JTEKT Corp.), 1,3,8
A 25 September 2008 (25.09.2008), 2,4-7,9-10
paragraphs [0032] to [0038]; fig. 5 to 11
(Family: none)
Y JP 11-303948 A (Tsubakimoto Emerson Co.), 5-8,10
A 02 November 1999 (02.11.1999), 1-4,9
paragraphs [0022] to [0024]; fig. 1
(Family: none)

Further documents are listed in the continuation of Box C.

|:| See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered to
be of particular relevance

“E” earlier application or patent but published on or after the international filing
date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than the
priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search
16 December 2015 (16.12.15)

Date of mailing of the international search report
28 December 2015 (28.12.15)

Name and mailing address of the ISA/
Japan Patent Office
3-4-3,Kasumigaseki, Chiyoda-ku,

Tokyo 100-8915,Japan

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (July 2009)

28




10

15

20

25

30

35

40

45

50

55

EP 3 184 855 A1

INTERNATIONAL SEARCH REPORT International application No.

PCT/JP2015/078681

C (Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y JP 2011-255810 A (Hitachi Automotive Systems, 6
Ltd.),
22 December 2011 (22.12.2011),
fig. 3, 4
(Family: none)
Y JP 2007-270943 A (NSK Ltd.), 6
18 October 2007 (18.10.2007),
fig. 3
(Family: none)
A JP 2012-117648 A (JTEKT Corp.), 1-10
21 June 2012 (21.06.2012),
paragraphs [0040] to [0063]; fig. 1 to 5
(Family: none)
A JP 2003-113909 A (Sankyo Seiki Mfg. Co., Ltd.), 1-10
18 April 2003 (18.04.2003),
fig. 3
& US 2004/0065163 Al
fig. 3
& WO 2003/031842 Al & EP 1433975 Al
& CN 1492975 A & ES 2357056 T3
A JP 2010-95006 A (NSK Ltd.), 1-10

30 April 2010 (30.04.2010),
paragraphs [0003] to [0010]
& WO 2008/087749 Al

Form PCT/ISA/210 (continuation of second sheet) (July 2009)

29




EP 3 184 855 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* JP 2006142400 A [0008]  JP 2015035315 A [0057]
« JP 2012117648 A [0008] * JP 2015062585 W [0057]
 JP 2014207998 A [0057] « JP 2015171648 A [0057]

30



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

